B Ba ac ck kg gr ro ou un nd d Smoking has been associated with increased risk of periodontitis. The aim of the present study was to compare the periodontal disease severity of adult heavy smokers and never-smokers referred for assessment and treatment of chronic periodontitis. M Me et th ho od ds s A random sample of patients with at least 20 teeth, stratified for smoking and age (5-year blocks, 35 to 55 years), was selected from an original referral population of 1,221 subjects with chronic adult periodontitis. Adequate records for 59 never-smokers and 44 subjects who smoked at least 20 cigarettes per day were retrieved. The percentage of alveolar bone support was measured from dental panoramic radiographs with a Schei ruler at x3 magnification with the examiner unaware of the smoking status. Probing depths at six sites per tooth were obtained from the initial consultation. R Re es su ul lt ts s There was no significant difference in age between groups. Smokers had fewer teeth (p<0.001), fewer shallow pockets (p<0.001) and more deep probing depths (p<0.001). The differences were greater in subjects 45 years of age and over. In this age group, smokers had approximately 13% more bone loss, 15% more pockets in the 4-6 mm category and 7% more pockets in the ≥ 7 mm category than the neversmokers. C Co on nc cl lu us si io on ns s This study confirmed that smokers had evidence of more severe periodontal disease than never-smokers. The differences increased with age confirming an exposure-related response.
INTRODUCTION
An overwhelming body of epidemiological evidence supports the conclusion that cigarette smoking is a major risk factor in cardiovascular, peripheral vascular and cerebral vascular diseases, chronic obstructive pulmonary diseases and cancer at many sites, including the lung, larynx, oral cavity, oesophagus and bladder. 1 Cigarette smoking is now regarded as a major risk factor for periodontitis. [2] [3] [4] [5] [6] [7] [8] A direct correlation between tobacco use and increased attachment loss and pocket depth and reduced bone crest height was reported as early as 1959. 9 Subsequent studies such as those by Feldman et al. 10 and Ismail et al. 11 showed that cigarette smokers showed significantly greater mean pocket depth scores and greater alveolar bone loss than non-smokers. Bergström and Elíasson 12 in their study of 242 subjects (76 smokers) clearly demonstrated the relatively greater occurrence of pockets in smokers matched for age and oral hygiene. Haber and Kent 13 compared the prevalence of cigarette smoking among patients in a periodontal practice (cases) with that of patients from referring general practitioner (controls). They concluded that both current and former smokers are at increased risk for periodontitis, and that cigarette smoking is a major environmental risk factor for periodontitis.
A more recent study by Bergström et al, 14 showed that smokers had a significantly greater frequency of diseased sites and a significantly greater reduction of periodontal bone height than nonsmokers. The periodontal condition of former smokers was between that of current smokers and non-smokers. Heavy exposure to smoking was consistently associated with more severe disease than light exposure, suggesting that the relationship is dose-dependent. 14, 15 In another recent investigation by Haffajee and Socransky, 16 smokers had evidence of more severe periodontal disease than past or never-smokers, indicated by higher mean loss of attachment.
The purpose of the present study was to establish retrospectively whether the disease severity differs between smokers and nonsmokers, in a well defined group of middle-aged adults diagnosed with chronic periodontitis who were referred to the Department of Periodontology, Guy's and St. Thomas' Hospital Trust, London.
MATERIAL AND METHODS

Subject sampling
The total number of new patient referrals seen for initial consultation and diagnosed with chronic periodontitis between May 2001 and May 2002 was 1,221 (including mild, moderate and severe disease). This included 403 smokers and 579 never-smokers aged between 35 and 55 years. From this, 5 pregnant women and 21 diabetic individuals were excluded. After exclusion of subjects with fewer than 20 teeth (excluding third molars) and smokers who smoked less than 20 cigarettes per day, this left 94 smokers and 336 never-smokers from whom the random sample was selected. A sample of 18 current heavy smokers and 18  Informs patients that smoking increases alveolar bone loss and tooth loss.  The effect of tobacco smoking increases with age -the duration of the habit is an important factor.  Smokers have more deep pockets -this will increase treatment need and complexity.
I N B R I E F
RESEARCH never-smokers were randomly selected from each of four age strata between 35-55. A total of 103 patients had adequate clinical notes and radiographs for inclusion in the study. The patients had dental panoramic tomographs (DPTs) and probing pocket depth charts obtained during their initial consultation. Probing depth charts (six sites per tooth) were completed by various specialist periodontists and senior undergraduate dental students under their supervision. Medical and smoking history was collected by means of self-reporting following standardised medical questionnaires at the same appointment.
No attempt was made to validate the smoking history by measures such as serum or salivary cotinine levels.
Radiographic measurement of alveolar bone support
The dental panoramic radiographs and photocopied probing depth charts were coded and read by a single examiner (MR) who was kept blind as to the age, gender and smoking status.
The alveolar bone crest in relation to root length was measured according to the method described by Schei et al. 9 which is commonly used in studies evaluating bone support. [17] [18] [19] The ruler was modified in such a way that the total 40 lines corresponded to 100% of total bone support, each portion corresponding to 2.5% of bone support. In cases where the bone level lay between the 2 lines, the score was rounded down. A clear plastic-tracing sheet was placed over the DPT and the image was projected onto a viewing screen (Rinn Viewer and Magnifier, USA) at X3 magnification. The outlines of apices, the cemento-enamel junctions (CEJs) on mesial and distal surfaces and the proximal alveolar bone crest were traced for all measurable teeth. All the identifiable landmarks were marked with a 0.5 mm felt-tip pencil. The crest of the alveolar bone was defined as the most coronal level at which the periodontal ligament retained its normal width. Where there was an angular bone defect evident radiographically, the bone level was defined as the most apical point of the defect 19 and used for measurement. A site was scored as unreadable if at least one of the reference points that needed to be measured could not be identified.
Repeated, non-consecutive radiographic evaluations were used for determination of intra-examiner reliability. Ten repeat radiographs chosen at random were assigned a separate number so that the examiner was blind to the repeat radiographs.
Statistical analysis
The data obtained was entered into statistical package (STATA 6, Stata Co. Tx, USA) for statistical analyses. The patient constituted the statistical unit. The subjects were further divided into two groups: under 45 years of age and 45 years and above.
The clinical data were expressed as means and standard deviation for both percentage radiographic bone support and probing depth. Probing depth was also analysed as percentage of sites 1-3 mm, 4-6 mm and ≥7 mm. The statistical significance of differences between smoking and never-smoking subjects was calculated according to the two-sample t test with equal variances. A p value of ≤ 0.05 was accepted as statistically significant. The intra-examiner reproducibility was estimated by intra-class correlation and the percentage of agreement on a site-based assessment.
RESULTS
The final sample of 44 smokers and 59 never-smokers matched for age and who had complete periodontal probing depth charts and dental panoramic tomograms is presented in Table 1 . The mean age of smokers and never-smokers were 45.0 ± 5.7 and 45.4 ± 5.8 years respectively. There were no statistically significant differences in age between subject groups, but the proportion of males and females was different between smokers and never-smokers in the older age group. The results from the analysis of subjects less than 45 years of age and 45 years and over are presented in Tables 2 and 3 respectively. The difference in bone levels between smokers and neversmokers was larger in the older age group (7 -9% difference for < 45 year age group and 12 -13% for > 45 year age group).
Radiographic bone support
Probing pocket depths
Smokers had significantly fewer teeth than never-smokers (Table  4) . Smokers had higher mean probing depths, more pockets with sites of 4-6 mm and a lesser percentage of shallow pockets. However, the difference in percentage of deeper pockets of ≥ 7 mm was not significant.
The probing depths subcategorised into the two age groups are presented in Table 5 and Table 6 . In the younger group, smokers had slightly fewer teeth (p < 0.002), but there was no difference in mean probing depth between smokers and never-smokers. When comparison was made in term of percentages of sites, smokers exhibited fewer shallow probing depths and more moderate (4-6 mm) probing depths (p = 0.036). Nevertheless, this group showed a difference in bone levels of about 5% between smokers and non-smokers in the age group 40 -69 years, but no difference in subjects less than 40 years of age. The average cigarette consumption was 13.3 cigarettes per day for an average of 20.4 years, somewhat lower than the present study. The difference in bone levels between smokers and never-smokers in the present study is greater than that previously reported and was highly significant in both age groups. When comparing bone level in the two age groups, the difference in the never-smokers was minimal. However, the older age group of smokers had approximately 7% more bone loss compared to the younger smoking group. It is pertinent to note that the percentage bone level in the older age group of never-smokers (77% [95%CI 73-80]) was more favourable than the bone level in the younger group of smokers (71% [95%CI 68-73]). As the difference in mean age between the two groups was about 10 years, this could be interpreted that the smoking habit had contributed at least the equivalent of an additional '10 years' worth' of periodontal destruction. The greater differences observed in the present study are probably due to the high exposure to smoking of at least 20 cigarettes per day, for at least 20 years (assuming most smokers start in their early to mid teens). The smokers also had greater mean probing depths and more deep pockets. Smokers may have less overt inflammation, which tends to reduce the estimate of probing depth, [24] [25] [26] thereby decreasing the chance of showing a difference. Probing depth is not a direct measure of periodontal destruction and periodontal attachment loss is to be preferred. 16 However, studies show that smokers tend to have more gingival recession, which would contribute to the estimate of attachment loss. 26 Therefore, observed differences in probing depths between smokers and never-smokers will tend to favour an underestimate of disease in smokers. The present probing depth data indicates that the disease is more severe and more widespread in smokers. The differences in disease severity estimated by probing depth were also greater than those described in previous reports, paralleling the findings of bone support. For example, in the study of Haber and Kent 13 on patients In the older group (Table 6) 
Intra-examiner reproducibility
Assessment and repeated measurement of 10 panoramic radiographs showed that 56% of surfaces scored the same and 88% were scored within 5% differences. The intra-class correlation coefficient (r i ) was 0.94.
DISCUSSION
The present study confirms previous reports that subjects who smoke cigarettes have a greater risk of more severe alveolar bone loss and deeper pockets. 14, [20] [21] [22] The subject groups evaluated in previous studies have been very variable in terms of periodontal susceptibility and exposure to smoking. They have sometimes suffered from lack of suitable control subjects and adequate blinding of the examiners. Susceptibility to periodontitis is complex and includes genetic, host, bacterial and environmental factors. The subjects in the present study were all identified as susceptible individuals in that they were diagnosed with chronic periodontitis in primary care and referred to a specialist department. In each case, this diagnosis was confirmed by the consultant in that department. The relatively young age range of the subjects was chosen to reduce the problem of more extensive tooth loss in older individuals. The smokers and never-smokers were identified on the basis of self-report and no validation was made using CO monitors or cotinine assays. 23 The smoking subjects were selected on the basis of reported smoking of at least 20 cigarettes per day. This is a high consumption and it is likely that this was a true reflection of their smoking habit. For the most part, smokers tend to under-report their level of smoking rather than exaggerate it. It is highly unlikely that this group contained non-smokers ie subjects reporting that they smoke when in fact they did not. The converse is much more likely where there is a real possibility that a few subjects in the neversmoking group were 'deceivers' and in fact smoked. This problem would however reduce the likelihood of demonstrating a difference between the two groups. Most smoking individuals commence the habit in their teenage years. 1 This would indicate that the smokers in the present study smoked for between 20 and 40 years. At the two extremes, the lifetime exposure of these subjects could represent double the exposure. One of the most interesting findings of the present study was the comparison of the bone levels between the age groups and with other studies. Bergström and co-workers 14 evaluated 257 musicians aged range 20 -69 years, including 50 smokers and 133 non-smokers. They were chosen as a relatively homogenous group of professional motivated individuals with access to good dental care. They were not selected on the basis of periodontal susceptibility. referred to a private periodontal practice, they recorded a mean proportion of sites probing ≥4 mm to be 35% in smokers compared to 21% in non-smoker control patients from a general practice. These figures were similar to those reported by Bergström 2 in a study of patients referred to a specialist periodontal clinic [Proportion ≥4 mm 33% for smokers and 21% for non-smokers], but are much lower than the 49% in smokers and 34% in never-smokers in the present study. These findings confirm that the subjects in the present study referred to a specialist department were very susceptible to periodontitis and that the smoking group were especially at risk due to their heavy smoking habit.
CONCLUSIONS
In agreement with other studies, smoking increases the risk of periodontal disease. Smokers had evidence of more severe periodontal disease manifested by more bone loss and deeper probing depths compared to never-smokers. The differences were present in the younger age group and increased with age confirming a dose/exposure response.
